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Abstract 
Thalli of three species of Plagiochasma, collected during different seasons from their 
natural habitats of Mandi region of Himachal Pradesh were evaluated for some biochemi-
cal parameters viz. total water soluble carbohydrates, proteins, free amino acids, total 
chlorophyll, carotenoid and the activities of amylases, invertase and protease. Highly 
significantly contents of carbohydrates (70.83±2.54 mg/g fw in P. appendiculatum, 21.26± 
0.09 mg/g fw in P. articulatum and 52.75±2.95 mg/g fw in P. intermedium)  and of chloro-
phyll (0.76±0.005 mg/g fw in P. appendiculatum,  0.69±0.005 mg/g fw in P. articulatum 
and 1.2±0.006 mg/g fw in P. intermedium ) were observed towards the end of the growing 
season (January-March period of collection), whereas the content of protein (23.46±0.14 
mg/g fw in P. appendiculatum, 23.33±0.71 mg/g fw in P. articulatum and 22.99±0.27 mg/g 
fw in P. intermedium)  was maximum during winter (October-December) and that of free 
amino acids (37.48±1.05 mg/g fw in P. appendiculatum, 70.9±0.91 mg/g fw in P. articula-
tum and 25.13±0.31 mg/g fw in P. intermedium)  in the rainy season (July-September). 
On the other hand, the activities of enzymes that breakdown the carbohydrates into sim-
ple sugars were recorded least towards the end of the favourable period of their growth. 
The activity of protease was maximum in the rainy season (July-September) and mini-
mum in the winter season (October-December). This study concluded that the seasonal 
changes in Plagiochasma induced alterations in the biochemical compounds and in the 
activities of related enzymes that may be responsible for the adaptation of these plants in 
their natural habitats.   
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INTRODUCTION 
Plagiochasma is a thalloid liverwort belonging to 
the order Marchantiales under family Aytonia-
ceae. It comprises nearly 30 species all over the 
world (Bischler, 1978). In India only 10 species 
have been reported, viz., P. appendiculatum 
Lehm. et Lindb, P. articulatum Kash., P. bicornu-
tum Steph., P. cordatum Lehm. and Lindb, P. cor-
dotii Steph., P. intermedium L. et Gott., P. mar-
tensii Steph., P. nepalensis Steph., P. pauriana 
Udar et Chandra and P. quadricornutum Steph. 
(Parihar et al., 1994), out of which P. appendicula-
tum grows abundantly throughout the year. Plagi-
ochasma grows in mesic and xeric habitats in all 
continents (Bischler, 1978; 1979) to an altitude 
upto 3000-8000 ft from sea level. Generally it pre-
fers calcium rich soil for its growth and develop-
ment. The genus is characterized by horse-shoe 
shaped male receptacles and distinctly dorsal sub
-sessile to shortly stalked female receptacles. 
Plagiochasma articulatum characterized by dis-
tinctly articulated thallus and female receptacle at 
the articulation. Pores were simple, inconspicuous 
bounded by three series of 7-8 cells each. The 
thallus of P. intermedium is dichotomously 
branched with large pores bounded by three or 
four rings of seven to nine cells each and scale 
appendages constricted at the base. 
P. appendiculatum is widely distributed and abun-
dantly growing species in different parts of India. 
This species is differentiated from the other spe-
cies of Plagiochasma on the basis of broad lobes 
and the large ventral scale with appendage 
strongly constricted at the base. Mostly it grows 
on naked and exposed rocks that represent the 
xerophytic habitat (Kachroo, 1954).  Ethnomedici-
nally, it is used in the form of a paste by the Gaddi 
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 tribes in Kangra velley for treating skin diseases 
(Kumar et al., 2000). It can also be used as a bi-
otest for water quality assessment (Ghates and 
Chapekar, 2000). Singh et al. (2006) studied the 
antimicrobial, wound healing and antioxidant ac-
tivity of this liverwort, but no research activities 
have been carried out concerning physiological 
and biochemical comparison of seasonal varia-
tions of Plagiochasma in India.  
Several environmental factors such as drought, 
salinity, nutrient imbalances and extremes of tem-
perature adversely affect plant growth and devel-
opment (Hamayun et al., 2010; Shafi et al., 2011; 
Akça and Samsunlu, 2012; Bakht et al., 2012; 
Ejaz et al., 2012). The altitude also plays an im-
portant role in this connection, because it is asso-
ciated with light intensity, air temperature, ozone 
density, wind exposure, soil fertility etc. At high 
altitudes, plants are exposed to higher light inten-
sities and lower mean temperatures. Light intensi-
ty changes with the seasons also and bryophytes 
experience different photoperiods. The plants de-
velop mechanisms to prevent the damage caused 
by photodestruction, freezing and chilling. 
The study is aimed to study seasonal changes in 
various biochemical parameters in the three spe-
cies of Plagiochasma. 
MATERIALS AND METHODS 
Sample collection: Plant materials were collect-
ed from different localities of district Mandi 
(Himachal Pradesh). The study areas were sur-
veyed during different seasons. Plagiochasma 
was found growing from July to next March, 
whereas not found during April to June. To study 
the seasonal variation, the collection period was 
divided into three seasons relevant to bryophyte 
life history (Kapila et al., 2014): July-September 
(rainy season), October-December (winter sea-
son) and January-March (end of the growing sea-
son). During different seasons, the samples were 
collected from the study sites, brought to the la-
boratory, identified and worked out. The voucher 
specimens are deposited in herbarium, Depart-
ment of Botany, Panjab University, Chandigarh for 
future reference. Their month of collection, locali-
ty, altitude, substratum and herbarium reference 
number (PAN) are given in Table 1. The range of 
the temperature and rainfall during the three sea-
sons are given in Table 2. 
Extracts were made from the tips of vigorously 
growing healthy plants. The thallus was washed 
with distilled water and dried in the folds of steri-
lized blotting paper. The dried 500 mg plant mate-
rial was homogenized in 10 ml of solvent (distilled 
water used for the carbohydrates, proteins, α-
amylase, β-amylase, invertase, protease, 80% 
ethanol used for  total free amino acid and 80% 
acetone used for chlorophyll and carotenoids)  the 
as per the methods followed for various parame-
ters. The suspension was centrifuged at 3000 rpm 
for 20 minutes at 40C. The supernatant obtained 
after centrifugation was immediately used for esti-
mation of carbohydrates, proteins, free amino ac-
ids, chlorophyll, carotenoids and to study the ac-
tivities of α-amylase, β-amylase, invertase and 
protease. 
Determination of physiochemical parameters: 
Total water soluble carbohydrates were estimated 
by Anthrone method of Yemm and Willis (1954) 
with glucose as standard. The estimation of total 
proteins was done by the method of Lowry et al. 
(1951) using bovine serum albumin as the stand-
ard. The concentration of free amino acids was 
measured by the method of Lee and Takahashi 
(1966) using ninhydrin reagent and glycine as 
standard.  
The activity of α-amylase was measured by the 
method of Muentz (1977) and the activity of β-
amylase was determined by Bernfeld (1951). The 
activity of invertase was assayed by the method of 
Sumner (1935) and the activity of protease was 
measured according to the method given by Ba-
sha and Beevers (1975). 
The contents of Chlorophyll a, Chlorophyll b and 
Carotenoids were estimated by Lichtenthaler and 
Wellburn (1983). 
Statistical analysis: Values were obtained in 
triplicates and represented as mean±SE (standard 
error). Data from three replicates were subjected 
to analysis of variance using SPSS for all statisti-
cal analyses. Differences between means at 5% 
(P<0.05) level were considered as significant. 
RESULTS 
The results of this study revealed significant varia-
tion (p<0.05) in all the studied parameters in the 
three species of Plagiochasma during different 
seasons. In all the species, the concentration of 
total water soluble carbohydrates was observed 
markedly higher towards the end of the growing 
season, lower in the winter season and the lowest 
in the rainy season. Among the three species of 
Plagiochasma, P. articulatum showed lowest con-
tent of total carbohydrates (5.91±0.26 mg/g fw in 
rainy season, 14.6±1.08 mg/g fw in winter season 
and 21.26±0.09 mg/g fw at the end of the growing 
season), whereas P. appendiculatum showed the 
highest content (19.95±1.92 mg/g fw in rainy sea-
son, 33.44±1.75 mg/g fw in winter season and 
70.83±2.54 mg/g fw in the end of the growing sea-
son ) in all the three seasons relevant to bryo-
phyte life history (Fig. 1). The seasonal variations 
in the activities of the enzymes- α-amylase, β-
amylase and invertase that are associated with 
the breakdown of carbohydrates was also studied 
in all the species. The inverse seasonal pattern 
was observed in the both α- as well as β-
amylases i.e.  lowest activity towards the end of 
the growing season in P. appendiculatum and P. 
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 intermedium and highest in the winter season in 
all the three studied species (Fig. 2,3). The activity 
of invertase however, was observed to be lowest 
at the end of the growing season in P. appendicu-
latum (0.3±0.03 μg/min/mg protein) and P. articu-
latum (1.34±0.12 µg/min/mg protein) and highest 
in the rainy season (12.26±043 μg/min/mg protein 
in P. appendiculatum, 7.46±0.21 μg/min/mg pro-
tein in P. articulatum and 8.33± 0.06 μg/min/mg 
protein in P.  intermedium) (Fig. 4).   
The protein content in all the three species was 
found to be highest in the October-December 
(winter) period of collection, whereas it was lowest 
in P. appendiculatum and P. articulatum during 
July-September (rainy) period of collection (Fig. 5).  
The activity of protease that breaks down the pro-
tein into amino acids was at the peak in the rainy 
season (48.29±0.69 µg/hr/mg protein in P. appen-
diculatum, 46.83±0.2 µg/hr/mg protein in P. articu-
latum, 50.3±0.62 µg/hr/mg protein in P. intermedi-
um) and the minimum (7.86±0.22 µg/hr/mg protein 
in P. appendiculatum 9.3±0.28 µg/hr/mg protein in 
P. articulatum and 17.39±0.38 µg/hr/mg protein in 
P. intermedium) in the winter season (Fig. 6). The 
concentration of free amino acids was significantly 
higher in the rainy season and almost similar in the 
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Table 1. Names of studied taxa, months of collection, locality, altitude, substratum and herbarium reference 
number. 
Name of taxa Month of collection, locality 
and altitude 
Substratum Herbarium refer-
ence no. 
Plagiochasma appendiculatum 
Lehm. et Lindenb. 
August,   Mandi; 750m 
October,  Mandi; 750m; 
January,  Mandi; 750m 
Wet soil on stony 
wall 
  
PAN 6105 
Plagiochasma articulatum Kash. August,    Mandi; 911m 
October,  Mandi; 911m 
January,  Mandi; 911m 
On wet soil 
  
  
PAN 6106 
Plagiochasma intermedium Lin-
denb. et Gottsche 
August,    Mandi; 911m 
October,  Mandi; 911m 
January,  Mandi; 911m 
On wet soil 
  
  
PAN 6107 
Table 2. Range of temperature and rainfall during the three periods of collection. 
Period of Collection Temperature (0C) Rainfall (mm) 
July-September 25.5-25.3 240-130 
October-December 23.1-17.4 25-10 
 January-March 16.8-21 30-22 
Fig. 1. Variations in carbohydrate content of three 
species of liverwort Plagiochasma in different periods 
of collection. 
Fig. 2. Variations in specific activity of α-amylase of 
three species of liverwort Plagiochasma in different 
periods of collection. 
Fig. 3. Variations in specific activity of β-amylase of 
three species of liverwort Plagiochasma in different 
periods of collection. 
Fig. 4. Variations in specific activity of invertase of 
three species of liverwort Plagiochasma in different 
periods of collection. 
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 winter as well as at the end of the growing season 
in P. articulatum and P. intermedium (Fig. 7). 
Chl. a is higher than Chl. b in all the three species 
of Plagiochasma in all the three seasons except in 
P. articulatum at the end of the growing season 
(Fig. 8, 9). The contents of Chlorophyll a, Chloro-
phyll b and total Chlorophyll were found to be 
highest in P. intermedium than the other two spe-
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Fig. 5. Variations in protein content of three species 
of liverwort Plagiochasma in different periods of col-
lection. 
Fig. 6. Variations in specific activity of protease of 
three species of liverwort Plagiochasma in different 
periods of collection. 
Fig. 7. Variations in free amino acids content of three 
species of liverwort Plagiochasma in different periods 
of collection. 
Fig. 8. Variations in chlorophyll a content of three 
species of liverwort Plagiochasma in different periods 
of collection. 
Fig. 9. Variations in chlorophyll b content of three 
species of liverwort Plagiochasma in different periods 
of collection. 
Fig. 10. Variations in total chlorophyll content of 
three species of liverwort Plagiochasma in different 
periods of collection. 
Fig. 11. Variations in chlorophyll a/b ratio of three 
species of liverwort Plagiochasma in different periods 
of collection. 
Fig. 12. Variations in carotenoids content of three 
species of liverwort Plagiochasma in different periods 
of collection. 
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 cies of Plagiochasma in all the three seasons rele-
vant to bryophyte life history. The maximum chlo-
rophyll content was recorded towards the end of 
the growing season (0.76±0.005 mg/g fw in P. 
appendiculatum, 0.69±0.001 mg/g fw in P. articu-
latum and 1.2±0.006 mg/g fw in P. intermedium) 
and minimum in the winter season (0.32±0.008 
mg/g fw in P. appendiculatum, 0.6±0.001 mg/g fw 
in P. articulatum and 0.95±0.003 mg/g in P. inter-
medium) (Fig. 10). At the end of the growing sea-
son, two species of Plagiochasma i.e. P. appen-
diculatum (2.26±0.01) and P. intermedium 
(2.17±0.02) showed the highest chlorophyll a/b 
ratio, whereas P. articulatum showed highest ratio 
(2.46±0.06) in the winter season (Fig. 11). In P. 
appendiculatum (0.08±0.003 mg/g fw in July-
September period of collection, 0.08±0.005 mg/g 
fw in October-December period of collection and 
0.14±0.005 mg/g in January-March period of col-
lection) as well as P. articulatum (0.11±0.005 mg/
g fw in July-September period of collection, 
0.08±0.003 mg/g fw in October-December period 
of collection and 0.14±0.003 mg/g in January-
March period of collection), carotenoid content 
was almost the same, whereas it significantly var-
ied in P. intermedium (0.13±0.003 mg/g fw in July-
September period of collection,  0.03±0.003 mg/g 
fw in October-December period of collection and  
0.05±0.008 mg/g in January-March period of col-
lection) (Fig. 12). 
DISCUSSION 
The higher concentration of carbohydrates in all 
the three taxa of Plagiochasma towards the end of 
the growing season is similar to our previous re-
ports on Marchantia and Dumortiera (Kapila and 
Dhawan, 2000; Kapila et al., 2014).  Melick and 
Seppelt (1994) studied seasonal changes in the 
soluble carbohydrate levels of the Antarctic bryo-
phytes in 14-month period and revealed little sea-
sonal change in the soluble carbohydrates level 
which might be due to the extreme climate and 
rapid temperature fluctuations in the Antarctic en-
vironment. In higher plants, stored water soluble 
carbohydrates provide energy for regrowth after 
defoliation and also for recovery after drought and 
persistency during winter when demand of energy 
cannot be met by photosynthesis (Humphreys, 
1994). Higher accumulation of carbohydrates dur-
ing the end of the growing season may be due to 
the translocation of non-structural carbohydrates 
from senescing plants and higher rates of photo-
synthesis at the beginning of the dry season 
(Newell et al., 2002). Total chlorophyll content 
responsible for higher rate of photosynthesis was 
also found to be higher during the end of the 
growing season, leading to storage of carbohy-
drates to be utilized later when the thalli regener-
ate after dry period.  
The activities of the enzymes associated with the 
breakdown of carbohydrates (α-amylase, β-
amylase and invertase) were also studied during 
the three seasons. The α-amylase catalyses the 
initial step in hydrolysis of large alpha linked poly-
saccharides such as starch to a mixture of smaller 
oligosaccharides consisting of maltose and malto-
triose. The low activity of α-amylase contributes to 
the higher accumulation of carbohydrates towards 
the end of the favourable period of growth. The 
presently observed decline in the activity of α-
amylase even during rainy season suggests that 
the seasonal changes interfere with vital metabolic 
processes in the liverworts. Udar and Chandra 
(1960a, 1960b) reported more amylase activity in 
male plants of Riccia discolor than in female 
plants.  
The β-amylase is another form of amylase that 
catalyses the hydrolysis of the second α-1, 4 gly-
cosidic bond into maltose. It is widely distributed in 
higher plants and micro-organisms. During the 
ripening of fruits, it breaks starch into maltose, 
resulting into its sweet flavor. It also plays a vital 
role in the germination of cereal seeds (Zieglar, 
1999). The end of the growing season showed 
lowest activity of β-amylase (except Plagiochasma 
articulatum) that may contribute a role in the car-
bohydrate storage.  
The increased activity of α- and β-amylase during 
the winter season indicates the accumulation of 
maltose in the cytoplasm. The β-amylase activity 
is reported to increase in response to heat stress 
(Dreier et al., 1995) as well as cold stress (Nielsen 
et al., 1997).  
Invertase is involved in the hydrolysis of sucrose 
into glucose and fructose. Osmotic pressure of the 
cells is influenced by the breakdown of sucrose 
into glucose and fructose that help in cell elonga-
tion and growth (Sturm, 1999). In plants, the in-
vertase helps in metabolism, osmoregulation, de-
velopment and defence mechanism, whereas in 
humans it acts as an antioxidant, an antiseptic 
and as immune booster (Kulshrestha et al., 2013).  
Highest activity of this enzyme in the rainy season 
indicates the breakdown of sucrose for various 
metabolic processes during luxuriant growth of 
these plants. Towards the end of the growing sea-
son, low specific activity of this enzyme leads to 
sucrose accumulation.  Sucrose plays an im-
portant role in desiccation tolerance of mosses 
(Smirnoff, 1992). Presently observed low activity 
of invertase in unfavorable period of growth result-
ing in accumulation of sucrose enables the plants 
to tolerate drought conditions. 
Proteins are linear, large, complex molecules 
made up of 20 different amino acids, which are 
linked by covalent peptide bonds to form polypep-
tide chain (Chimankar et al., 2011). Protein con-
tent is an important tool for the evaluation of phys-
iological standards (Diana, 1982). Low tempera-
ture results in the synthesis of proteins 
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 (Mohapatra et al., 1987; Hughes and Dunn, 1996; 
Dionne et al., 2001; Liu et al., 2005; Koc et al., 
2010). This may be the reason of highest protein 
content in the winter season in all the presently 
studied taxa.  The possible reasons for the de-
creased protein content in the July-September 
period of collection (rainy season) may be the 
increased protease activity or decreased synthe-
sis of protein in this period.  
Protease plays an important role in plant growth, 
development and defense. It also maintains pro-
tein quality and degrades specific set of proteins 
in response to diverse environmental stimuli. The 
environmental changes such as light, tempera-
ture, drought stress, nutrient supply and patho-
gens alter the morphology, the metabolism and 
membrane structure of the cell. The studied taxa 
showed an inverse relationship between the pro-
tease activity and protein concentration in all the 
seasons.   
The maximum content of free amino acids was 
recorded in the rainy season decreasing towards 
the end of growing season through the winter sea-
son. The increase in the free amino acids in the 
rainy season could either be due to disruption in 
protein synthesis or due to partial hydrolysis of 
proteins.  The increase in the free amino acids 
observed presently is associated with the reduc-
tion in proteins at the same time. 
The light intensity varies in different seasons and 
the plants are adapted to respond to these varia-
tions. Martin and Churchill (1982) reported re-
markable changes in the chlorophyll concentra-
tions and Chl a/b ratios of mosses grown under 
different irradiances. The total chlorophyll content 
was observed highest towards the end of the 
growing season. This observation is in agreement 
with our earlier study (Devi et al., 2015) on the 
thalli of Marchantia and Dumortiera. During sum-
mer, the increased irradiance and day length as 
compared to the rainy and the winter season is 
responsible for the increase in the chlorophyll lev-
el in this period. There have been several reports 
of maximum concentration of chlorophyll in sum-
mer and minimum in winter (Bourdeau, 1959; 
Gerold, 1959; Linder, 1972; Senser et al., 1975) in 
conifers also. Melick and Seppelt (1994) recorded 
the same observations in the Antarctic bryo-
phytes. The seasonal changes in the chlorophyll 
concentration of the studied liverworts are like 
those in the higher plants indicating that the adap-
tations of both the groups of plants are the same 
in response to the prevailing light conditions in 
different seasons. 
Conclusion  
The results of our experimental work are indica-
tive of the seasonal patterns in the content of the 
estimated biochemical constituents and activity of 
related enzymes which in turn explain their func-
tional importance in plant growth and metabolism 
during different times of the year. To summarize, it 
is concluded that the alterations in biochemical 
compounds and activities of related enzymes in 
different seasons are responsible for the adaption 
of the studied three species of Plagiochasma to 
their natural habitats.  
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